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hResection of malignant tumors invading the thoracic inletrepresents a technical challenge because of the complex
anatomy of this region. The thoracic inlet can be divided into
3 compartments (anterior, middle, and posterior) associated
with different anatomical structures. The anterior compart-
ment extends from the manubrium to the anterior scalene
muscle and contains the subclavian vein and scalene fat pad.
The middle compartment extends from the anterior scalene
muscle to the middle scalene muscle and contains the
phrenic nerve, the subclavian artery, and the trunks of the
brachial plexus. The posterior compartment extends from
the middle scalene muscle to the spine and contains the roots
of the brachial plexus, the sympathetic chain, and the long
thoracic and spinal accessory nerves.
The “pulmonary sulcus” is the anatomic component of the
chest wall that refers to the deep furrow created by the cos-
tovertebral groove.1 Henry Pancoast coined the term “tumors
f the superior pulmonary sulcus” to describe tumors involv-
ng the apical part of the costovertebral groove.2 Superior
ulmonary sulcus tumors should therefore refer to tumors
nvading the costovertebral groove at the level of T1 vertebra.
Division of Thoracic Surgery, Toronto General Hospital, Toronto, Ontario,
Canada.
Address reprint requests to Marc de Perrot, MD, MSc, Division of Thoracic
Surgery, Toronto General Hospital, 9N-961, 200 Elizabeth Street, To-
ronto, Ontario M5G 2C4, Canada. E-mail: marc.deperrot@uhn.on.ca
138 1522-2942/$-see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1053/j.optechstcvs.2011.04.005hese tumors are typically located in the posterior compart-
ent of the thoracic inlet with involvement of the T1 nerve
oot and the sympathetic chain at the level of the Stellate
anglion.
Tumors involving the posterior compartment of the tho-
acic inlet can be resected from an anterior or a posterior
pproach or a combination of both. The posterior approach
as popularized by Shaw and colleagues and consists of a
arge posterolateral thoracotomy extending up to C7, provid-
ng a posterior exposure to the thoracic inlet after the scapula
s retracted anterolaterally.3 The posterior approach, how-
ever, does not provide optimal exposure of the neurovascular
structures and to the anterior part of the T1 vertebra.
Dartevelle and colleagues developed an anterior transcla-
vicular approach.4,5 This approach requires resection of the
nner part of the clavicle, providing excellent exposure to all
compartments of the thoracic inlet. Compared with the
emi-clamshell or the transmanubrial approach,6,7 the tran-
sclavicular approach offers excellent exposure of the subcla-
vian vessels, brachial plexus, C7 to T3 vertebra, and pulmo-
nary hilum. This approach also provides an anterolateral
view of the spine that offers the possibility of instrumenting
the spine through the same incision if a partial or complete
hemivertebrectomy of T1 is required. The transclavicular ap-
proach is optimal for large tumors invading all 3 compart-
ments of the thoracic inlet and requiring combined resection-
reconstruction of the subclavian vessels and the spine.
Resection of superior sulcus tumors 139Operative Technique
Figure 1 The anterior transclavicular approach involves the resection of the inner part of the clavicle to offer an optimal
view of all 3 compartments of the thoracic inlet. This approach allows control of the subclavian vein and artery outside
of the thoracic inlet and provides lateral exposure to the brachial plexus and the spine facilitating the dissection away
from the tumor. a.  artery; m.  muscle; v.  vein.
140 M. de PerrotFigure 2 The patient is positioned supine with the head extended and turned away from the surgical side. A roll is also
placed behind the shoulder to elevate the surgical side. The arm located on the surgical side is placed along the body.
The skin incision extends vertically along the sternocleidomastoid muscle (SCM) down to the manubrium and then is
gently curved horizontally along the third rib toward the axilla. The incision should extend relatively high in the neck
along the SCM to increase exposure in the thoracic inlet.
Resection of superior sulcus tumors 141Figure 3 The incision is deepened with cautery down to the chest wall. The sternocleidomastoid (SCM) and pectoralis
major muscles are dissected off the manubrium, clavicle, and chest wall. The sternal attachment of the SCM is divided
sharply so it can be reattached on the manubrium at the end of the surgery. The muscles attachments are cauterized off
the clavicle so the proximal one third of the clavicle is exposed. The muscle and the skin are folded laterally together
as a myocutaneous flap. The preservation of a myocutaneous flap is important to obtain adequate healing of the wound
as patients with lung cancer invading the thoracic inlet often undergo induction chemoradiation therapy before
surgery. This provides exposure to the strap muscles, internal jugular vein, scalene fat pad, and anterolateral chest wall.
142 M. de PerrotFigure 4 At this point, a thoracotomy is performed in the second intercostal space to palpate the tumor and ensure that
there is no pleural seeding. The third rib is usually sectioned along the mid-axillary line in the chest (or anterior to the
tumor if the third rib is involved by the tumor) to facilitate the exposure down to the pulmonary hilum. The omo-hyoid
muscle is sectioned and the scalene fat pad dissected to expose the anterior scalene muscle. Once the tumor is deemed
resectable, the proximal part of the clavicle is removed. mm.  muscles; v.  vein.
Resection of superior sulcus tumors 143Figure 5 The proximal part of the clavicle is removed by disarticulating the claviculosternal joint and by sectioning the
proximal one third of the clavicle with the saw. The internal jugular vein and the subclavian vein are dissected off the
clavicle and protected to prevent any vascular injury.
144 M. de PerrotFigure 6 Resection of the proximal part of the clavicle provides excellent exposure of the first rib and subclavian vessels.
The branches of the internal jugular and subclavian veins are ligated to facilitate exposure of the venous confluence. The
cervical transverse vessels crossing over the anterior scalene muscle and the phrenic nerve can be visualized once the
scalene fat pad is removed. On the left side, the thoracic duct must also be ligated. a. artery; m.muscle; n. nerve;
v.  vein.
Resection of superior sulcus tumors 145Figure 7 The transverse cervical vessels are ligated and sectioned, allowing exposure of the phrenic nerve along the
anterior scalene muscle. The phrenic nerve must be carefully assessed to see whether it is involved by the tumor and
needs to be resected. The phrenic nerve should be preserved whenever possible. The subclavian vein can also be
assessed to determine whether it is involved by the tumor. If the subclavian and/or internal jugular veins are involved,
they can be ligated and sectioned. The first and second ribs (and occasionally the third rib) are typically involved by the
tumor and are sectioned anteriorly with adequate margin from the tumor (dashed line). m.  muscle; n.  nerve.
146 M. de PerrotFigure 8 The anterior scalene muscle is sectioned above the tumor, preserving the phrenic nerve if necessary. The
subclavian artery can be exposed and controlled proximally and distally to the tumor. Its branches are ligated and
sectioned to facilitate exposure. The vertebral artery can be resected if necessary. The subclavian artery can be clamped
and sectioned on each side of the tumor if it is invaded. A bolus of heparin (50 units/kg) is given before clamping the
subclavian artery. The vagus nerve should be localized and preserved when dissecting the internal jugular vein on the
right or the left side. On the right side, the recurrent nerve should also be localized and preserved as it loops around
the subclavian artery. Damage to the right recurrent nerve should be avoided when the proximal part of the subclavian
artery is clamped. The first and second ribs remain attached to the tumoral specimen with the lower portion of the
anterior scalene muscle and are resected en bloc with the tumor. The first and second ribs were removed from this
drawing and some of the subsequent drawings to demonstrate the anatomy more clearly. n.  nerve.
Resection of superior sulcus tumors 147Figure 9 The right upper lobectomy can be performed through the second intercostal space. The lobectomy is per-
formed from an anterior to a posterior approach. The right upper lobe pulmonary vein and artery are ligated or stapled
and the fissure is completed with staplers. The bronchus is then stapled. The right upper lobe can then be removed en
bloc with the tumor. A lymph node dissection of stations 2R and 4R on the right side and stations 5 and 6 on the left
side is then performed through the anterior approach as part of the oncologic procedure. Station 7 is also sampled or
dissected according to the exposure.
148 M. de PerrotFigure 10 Once the subclavian artery is dissected, the brachial plexus can be exposed. The dissection of the brachial
plexus is performed from the lateral to the medial aspect, starting with the trunks and progressing toward the roots. The
lower trunk of the brachial plexus can then be gently elevated to expose the insertion of the middle and posterior
scalene muscles on the first rib. The middle and posterior scalene muscles are sectioned above the first rib away from
the tumor. This allows exposure of the posterior part of the first rib as well as the nerve roots of C8 and T1. Branches
of the fifth (C5), sixth (C6), and seventh (C7) cervical nerve roots passing through the body of the middle scalene
muscle can occasionally be identified emerging on the lateral aspect of this muscle just above the brachial plexus.8
These nerves are located above the brachial plexus and can be preserved by dividing the middle and posterior scalene
muscles from the first rib after gently elevating the brachial plexus off the first rib and sectioning these muscles
underneath the plexus. These small branches of C5, C6, and C7 will form the dorsal scapular (branches of C5) and long
thoracic nerves (branches of C5, C6, and C7) innervating, respectively, the rhomboid and serratus anterior muscles.
Resection of superior sulcus tumors 149Figure 11 T1 can then be identified and sectioned above the first rib if necessary. The T1 nerve root is often involved at
the level of the first rib and should be resected with the tumor. The C8 nerve root should be preserved if possible
because its section will result in loss of motor function in the forearm and the hand. The prevertebral muscles are then
dissected off the anterior part of the T1 and T2 vertebra and removed with the sympathetic chain and the stellate
ganglion.
150 M. de PerrotFigure 12 The head of the first and second ribs can be disarticulated from the vertebra if the costotransverse foramen,
the neural foramen, and the vertebral body are not involved. If the costotransverse foramen is involved, the anterior part
of the vertebral body can be exposed and sectioned with a chisel to remove the lateral edge of the vertebral body and
the transverse process at the level of T1 as shown on the figure. If the neural foramen and/or the vertebral body are
involved, a hemivertebrectomy or a total vertebrectomy of T1 is required. In these cases, a posterior midline approach
must be associated with the anterior approach to perform the laminectomy, ligation of nerve roots in the spinal canal,
and posterior vertebral body osteotomy. If a hemivertebrectomy is performed, a posterior spinal stabilization is
required. If a complete vertebrectomy is performed, a posterior and an anterior spinal stabilization are required. The
posterior spinal stabilization can be performed from the posterior midline approach. The anterior transclavicular
approach, however, does provide adequate exposure to instrument at the anterior part of the spine if further stabili-
zation is required.
Resection of superior sulcus tumors 151Figure 13 Exposure of the thoracic inlet and pleural cavity once the tumor is resected with the upper lobe and the
structures involved in the thoracic inlet. The vascular clamps on subclavian artery remain in place until the tumor is
removed. The subclavian artery can occasionally be anastomosed end to end or an interpositional graft can be used.
Note, the phrenic nerve runs along the side of the internal jugular vein and then disappears behind the venous
confluence between the internal jugular vein and the subclavian vein.
152 M. de PerrotFigure 14 The subclavian artery is reconstructed with an interpositional graft such as polytetrafluoroethylene ringed
graft 6 to 8 mm.
leural
Resection of superior sulcus tumors 153Postoperative Care
The postoperative management is similar to any other major
pulmonary resection. These patients, however, often have
significant difficulty clearing up their secretions during the
first few days after the surgery because of the paradoxical
chest wall and phrenic nerve palsy. Intensive physiotherapy
and potentially intermittent bronchoscopy are important.
Noninvasive ventilation or mechanical ventilation may be
required during the first few days postoperatively.
The resection of the clavicle and the chest wall can be
associated with some limitations of the shoulder function.
However, if the spinal accessory, dorsal scapular, and long
thoracic nerves are preserved and the integrity of the trape-
zius, latissimus dorsi, rhomboid, and serratus anterior mus-
cles are maintained by avoiding a posterolateral thoracotomy,
adequate cosmetic and functional results can be obtained
Figure 15 The sternocleidomastoid muscle (SCM) is reat
is closed in 2 layers. Two chest tubes are placed in the pwith this approach.8References
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